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So 

*n ft o JfeflHWS^^Afc w#fc*<0lKK«K:JilW«* So * ^40Gbit 
(re-amplification, re-shaping ^re-timing. W^IMSR***-) «*« 
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uthold et al., Electron. Lett., 38, p. 890, 2002) . 21©«K?tt, OWtt 
#3:ffi^540Gb/s 1,000,000 kmfci£^oV^fE3&£;ftTV^o 

Leutholdfett, **#K:*5Vvr, («Mi** 
iSfrX^h (Schubert et al. , Electron. Lett., 38, p.903, 2002) . VfrV 

fcUt»*4WVP b^SWfiW** (Hasegawa and Tappert, Appl 
. Phys. Lett., 23, p. 142, 1973) . ~liton 
converter^*,*. f>5-o», )t77^^«Hf:^^ 
Bfifcla«W«l*fc£<5<#fet?*>5 (Mamyshev. EC0C' 98, p. 475, 1998) „ £ 
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«# (soliton converter) ^V^^f^ittfi, 4 X 40Gb/ 10 
,000 tafia5*S«***fC^5 (Danyetal., Opt. Lett. , 25, p. 793, 2000) 
. ®% (Mamyshev^/V*) ttff^LfcLeuthold^l, 000, 000 krfSSfttil&ffl 
**bW* (Leuthold et al. , Electron. Lett., 38, p. 890, 2002) . 

ttW*fc»ft**tTV^V> (*/>&V^^#Dany et al. . ECOC' 01, We. P. 45 
, 2001-Cfc*) o soliton converter^. V V V 

*i>mm±** (Kubota et al. , J. Opt. Soc. Am. B, 16, p. 2223, 1999) & 



***»MlJM*tS. W# **** (^^^ 

U< **** <*n y **»fc*9»**^**l 

, ftlocal oscillator OSLO) *t>*S*bS) «HWB*-**« t» 

*V**.*^ X**fc»Uf*k 

«*rfH3te*»* (four wave mixing: FWM) 
(nonlinear optical loop mirror: N0LM) , 



03 8 »c»v^ri»T?B*^w*^#*^py^*w»^*o. 
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©j:5ft^*^rt*^«^*ffl^*W»* tt ^ ticri phase locked lo ° 
p (OPLL) fc*S*bS. SttRKl, N0 LM«rfflVN-C2#(OLD*^^^b^^^f^ 
XOPWmriWS^Py^W****^ 5 (BigoetaL, US6, 2 
39,893 Bl) o 

<Bigo et al., US6, 239, 893 Bl) <D £ 5 KN0LM*ffiV> 

^y*«*#H«fcfc5. ifr***-*"**^ tt#BJ*«E»fcfflv^*#MW 
w ^©7r^ ***flfl&*M k ft * 5 . 77^f &M/^bi- * i ^ KlA 9 , 



6 



WO 03/104886 PCT/JP03/07433 

i-6 WT^oo a vtf-* v b fciov >T * ft So (l) 
Bo 
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^-efeS (HI3 9B) o 

^^^^«t7T^MV^ (Leeetal., OFC2001, PD3 

0-1. 2001^3 J:^Schubertet al. , Electron. Lett., 38, p. 903, 2002) TNb* 
% *#<0«r±jEflt^«7r>f^«rfflV^S^ (JBa©#ftW3fakatsuka et al., 
Phys. Rev. Lett., 47, p. 910, 1981) T?fcSo 

^iLlcW^SlttH^^®^*****^**- ***** 
plified spontaneous emission light: ASE) T'&So 
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^yj; b^^-C'iis f|^7^>-m (stimulated Raman scattering: SRS) \ZL 

x^xyv h^*s*«««K:v7 b-rsm^ y b^iajfl**^ b : ssfs 

rsoliton. self-frequency shift) #*K!rSnTV** (Mitschke and Moll enaue 
r, Opt. Lett., 11, P. 659, 1986) „ ^©SMM*. ^ hyfcASElttWWB 

SHTV^ Ctt*b, #P2001-109024-i-) . 

«^«rB4 o Atc^-To 

£*tf*JWIMMIfc7T'f'< (anomalous-dispersion fiber: ADF) k.%V4fl'91i* 
*b<5„ *£WWre«* h^^SRS^ioTSSFS-TSc -tftl 

«r-<#t», r<DSRsicj;oxyy h^HtwiEMifc^bts^ 
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5o 



V bV=^-^(Soliton Converter), /</U*n-9 (Pulse Roller), 
^(Kerr-shutterK Xtt^P 5 ^TCSoliton Purifier) tf> 5 t, 
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feS^^-fC^T-f^ (Anomalous-dispersion fiber: ADF) Sr : ti~5 V V ^>'= 1 

o 
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w**amiM*>**>mm** yv YW~**#a>*Ks ***** 

M^-^^^l*^ OPLLCOptical Phase-Locke 

fWB0PLLKl*srt« tf 5/ b V- A a> 

L loop H Ac (L Loop ) <v.X/n.L«O««*l«0 
P P L N (Periodically-poled LiN03) XtiSOA (Semi-conductive Optical A 
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WBLO»4»fc, If- h 

IMBfctttttM^ P D (Photo Diode) 
fc. Loop Filter^. LD=* X h 6>*U ^PDIl -^RlRKlJ: 

h £f>f ^ — K (SiAPD) ifim^bfrfc* — *'* 
T -7 ^ _ K ^ 5, ? ftj |9$ $ tb 3 # - v- -y v $ T? & o 

eMtiKIIHKAv OHM) ^ A**^^*^*^ WHBfcAv,*, 
Av„+Av, 



Av> 2 
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A L > A v p + (A v 8 /2) 
!<Jl_ = yP 0 L 

L 1 Zr 1 



n 1.7628 3 A^ p 3 
P 3 < 



2 L 

1/7 

P 3 < 



1.7628 2 AT/ 
4% LAv 



Pump^/V* (At p , Av p ) fcSignal^* (At s> Av s ) IC*SV^T, 



Av> 



2 



1< Jl_ = Y P 0 L 



_ — 3 TC 
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P 3 < 
P 3 < 



P 



2 L 
1.7628 2 A*. 2 



47C Z/Av 

r -f ^OIWWNtt * 7Tfc«> 7-a77^t*a5 icBtt * *tfc^ 
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yy fytay77^7-Cfc§. 

^x.^nrcy y h^ay77-f7tfc5o 
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IStt HI 2 oB&St* l 5 9 xxy 9 ff^il 2 1 0>*lC*lJftB'Cfc 

b 4 r*. i2 *>ff£ii* i 5 m<sr**L<5«M>* n v 9 ft&mw 2 i <Dmmmf&m 

o 
o 

El 8 mi ©^^^f^ttt^sffi^fii 3 ^^ 1 3 ©WM*jM"C 

B9r±* B l offi^f Afc* **i64fcft®** 3 1 3©*as*Wfc 

HlOfi, 0 7 ©fiBfea i"*-* 1 3 <D— ^*to*W5*fifcB"C*>*. 
HIl lWu 0 7OflliSE3^— * l 3^^S^»t£B&^^H!"^*> ; 2>o 
Sli 2te, izrolt^^Wi 3 i^Wi^^'fcSo 

■ I3tt, ^0J^#6^2^^S^^ft^#J#fi^ : S : ^^^^^^ |ll &«^ 

nit?fes 0 
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HIl 8teU 01 7<£>soliton converter^— ffi$M~?&%> 

mi 9^ ^11 7<Dsoliton convorter©<lb©^fl8*^t1ll»fr»^SI'^*> 5 

H 2 0Att, soliton (wwrt^bOWA^O^^^*^ 

B2 1», soliton oon«t«r**fe©WA^^ia«BB*»«A t A c ^ 

B2 2tt, £^77lt 0, 2 0. 4 0W80 m*©SMFfi!»0^ 
^t?*>9, «t>*©^97&tJ*©^97ttP, „ ©fl«*tfofc»*<Osoliton 
converter^b^tti^^^^iS^il«-efeSo t*0^77liWA*7-f 

B2 3H\ soliton converterKl*5»t*W*y y by©|B*B««At A c W 
OSNR©Pi „ (DftM^^Vy 7~?&>Z>° 
@2 4(t Kerr-shutterCO— WJ^iEl"Cfe^>o 

H2 BAtt, } *LD^T^5imib^^^^^^^^^^' r ^^' 7 " r?fo 

@ 2 5B ^m^u^sb^o * ^ y * ^tt^^-r ^7tfc5. 
in 2 6 Ate. ^^§p^-«^ia-efo5o 

El 2 6 B frill 2 5 AO^^J-CfcSo 

112 6 Cte® 2 6A<Dl?i5t^!lt*fc5o 

H 2 7tt, Kerr-slmtter©tt©#*Ht?*>9. (WJtlWfc^^OFW 

M7 r SrSb^fc * itfc— #>J &^i~o 

Hl28te. pulse rollers— ffl$.ffl'V&>Z>o 
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B 2 9 Ate, telElf;#mm*7 T J V7T * 

B2 9Btt^y *<D&K7* ? T ^T?*>*. 

029C tti«5Mfc/B 77^^r^f 7 r -Y 

tepulse roller©-«*H-C*0. ^^«WWMI»aW*^ 

o 

H3 OBttHS 0 AOpulse To\Ur7T<< *<0&*? xx '7'r4 ***** 

®3 1K. m 3 OA, Bfcl8rt*^^««V5*V'-^a^Ollr*«r*i-^7 

@3 2lt pulse toll«rfc*^>f y^^fe***WW^«« V%tt ^^^ 
0 3 3 |±, pulse roller* OPLL &m*tt* * V ^ttfflU©-****** 

■ 3 4 A. BiS, I*. Pulse roll«r*fe©a*^*©^W***-7^ 

H13 5A, Bft, ifcftiM§tt-8fcft03«36»**t« 
0 3 6AI1 soliton purifier^)— Ifj&B'C&So 

■ 3 6 B tt. soliton purif ierfcHN L F Ufc-3«««:*H-. 
@3 6CI1 soliton purifierKl9^yli««r*U»Ufc-aWfc«tr*i-. 

13 3 9 a, bw:. tt*©^^«JWbtt*®»WBi"e*»5- 

B4 0BI4, j|^*©^^=XAS:*-r^97-C*>S. 

04 1 AH A^J^^*^"^0" tf * >So 

H4 1 B~Dtt, |4 1 A#*BI^^^**^ 8 ' 

B4 2(±, ^^^fc^»«««>BB»«r^i"*»H^*»*- 

H4 4IJ, #35Kte4S*?*£*>'*^ AW ~*^ H ^* >So 
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o 

05 IBB, iiSrlilc^tfc^FWMI^ftSA^^tW^^ 

H5 5tt. 05 40^iaSAfti*^W^^^77tfe5o 

■ 5 6 tt, HI 5 4 J: SAffl*^ § B#B««E»tr»i-^9 7T?*>*. 

0 5 7 FWMi: S PMtfflv^««BWlo-i*H-efc5. 

@6 0AH FWMSH^7r^^«VNflC«^[llt5fc^-W 
IU6 0BliFWM9SWWJ^^to 
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^ £ A* *s J: tfffl Ax* * M** Ufc ^ 9 7 •* fc 5 . 

i68(j:> m2 4\^ UfcKerr-shutter<D^WJ-efe <9 . 

H6 9tt. B6 7t«iUHNLFO*S (B» ^WM#^^t^7 
V^) RlM*©*****^!*^^*^^^*^*- ^ b< ^ ***** 
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SATs Hffi^3£<3#*»M©**^«*ttWi"*o 
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#<feUfcfl»**. «IW*»t»©Wi, Wit b*:E«©«« 

CF (Dispersion shifted fiber) ** a ->K ^PXJ*^lHf^^ 
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FBG (Fiber Bragg Grating) IS^MMfeSteiB 

4^ttSE«8i:'friftSt«i 0£©IBl£te, Wk©*»i 2^ 12 2 , 12„ ••• 

1 2 D a*ffit*T*5«K «12 P 12 2> 12 3 ^ -12.©W*tt, 

Itl»12 n 12 2> 1 2 3 , -1 2„©5^<H-o©«l 2t 
fctt* ^^«8W-bWS^> ittay/<^13i, 3teifS4ifl5 

S4^fAli^^tll M12 P 12 2 , 12„ -12 n ©5%> *£<D 
*MHC±«bfc«3^-^ 1 3S.t^S^ei 6 V* 3 

V>T^s 2 n l 2 2 . 1 2 3 , ••• l 2„«reMn"****^i'» *3 

»12 M 12 2 , 12„ -i2„(imH ^^e-K7r^^- 

2 a -tmimm-s - £ * uv \ tmm.&mmm& i2aitm 
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6fc©IB©**i 2,o***«<i-»wi:lcJ:ot:^ Wbo»"e 

2 2N 12 3 , ■»12 1 t«IUt*fc***X,, 1 3 > -X n ^^^SV^ 

t^s^^i^m^**^ H7ooi54*^**. o*d. -ess 
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<^*£fc**^*«#*>*. *i*> *********** 

iS15 ^oaw i-5fesio x^mm^-r z> m^MKwatr s . 

^ m5o *a>*** M**tfc#«fc«r«J^«#«*©***A» 

«#3te©^M«r40Gbit/s«r««il6*6i fc* s ^^*>5 , ******* 
<D^*^iM*fc*&i"- ****** S^*^* 1 ** fc** 51 * 

So 

p y * 2 1 RtHHrc**** 2 3 smrtf o 

17, «nv^ftl9, ^^fffi(tt2 1Rt«lt»*»i2 3J:9ft5 

* 1 7 , tt*K£tt* 19, ^ was** 2 1 axmm**mm 2 3 *>ea 
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-C, i»BSt**«2 3W:«#*lt«^SI6#«:l»*i"*. 

m^nrnm^^mmm^-t^o nensxrAiK**^**. man?-* 
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2 5 £ , 2 7 &OTJ« 2 9 fc. <£ t) f&MWftK:** LTft 

e!>(fc*HSri»*.S(i*BP]S8^©3 1 ft*?? 3 3 Sr^UT^ISKi^if £*K ftJ 
^/NV^3te^fS^3fe^30 s ^*KUTXPMdS|§^-rs^^77-f^3 5 i« 

7, 3 9 ££li;i-C^S 0 i©^ny^S4^f 2 1li> »i*j»^7T>r 

^3 5^bo«*3te«?^?)^SrB&Jti-5T^ yw- *4 1 ir, 3fe7^/v^-4 3 

iSiie3tefflltS61K4 5 Jgbje3t^Ur«#3t©ffi*BSr*»*.5<fc*BPIS8^® 3 1 
^ft«4 7 (^^WDM;*?^^ dB^7) £r:fr bTjaiB3tetfll** 
^ ^xit fC F WM^^§4t5 W)fe^llf 4 9 ££HI;i5o -^Py^S 

m^nTV>^v^f^^jgb®^(^ 3fc7^^^ WDM*^5 5lSrfflV^ 
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n««> (yy h^m^Jffi-rs) »^iH9ii, ^^™ 5 ^ bfc 

*£JtM3Ml 7jWB«S*U i©i*B»l 7<D^»S4iH 9^ AM 

H6©a»ew£S»i a rawer** ti^ei 7atWii»^m 



31 



WO 03/104886 PCT/JP03/07433 

.hi&UfcJ;?^ 9fciSft^^?F^^a^ 115 3 

5 6, 3 5. 4 9tpfcl*5tt5SPM, XPM, FWM, yn^WSC 
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SBg (i^n77^i') fcWJBUfc*/^**** 77^f^«I^ 
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«*.-CV^a. ^Lt, r*tfe«fe5MB»7 9fc*«E»8l4:©IIIK:tt, 2o© 



Ltd. 
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Kmmztitc.\mm^wt9 5. 97, 9 9t^h^ 0 r 

TlCfcvm 0^9 5, 9 7, 9 9}aottSi8 9, 9 1. 9 3 <£: 
Hlfe^C^a^ f|WI»^t5#^8 9, 91> 93© 

t a* w*««r 9>r ft 3 , «*» 7 5t^ h-* *-* 

imWO^httZO^Wm^WL* 5, 9 7, 9 9 0>®fcs££Siati5i-6o i-fc 
3te*j, Ell i©«Ra^-^fc»v^ M30mM 7 1 *sflHWft*lMMBte 

#10 5 (H13«i) fc*, r©*««il0 5Kl-CJi* 



36 



WO 03/104886 PCT/JP03/07433 

fc*. iSn^©W^7 1tt, 9 1, 9 3O#*>0fc 

*f*m©W»«rffmi5. i36fl0 1*»b»4ill5 (BB1#») *"C * 

tt, - * 1 2 a (0 1 #m) 

SSI 2 i WBV^^SW^i**^ 81 ^ 111 *^ 5, - 

@13ll ******* 2 «0W«*«^*«6W*^y A 1 0 3 ( 
EAT, S4^7^10 3tV^) ^b-CV^^o 

Hi^fA 10 311 1 3 fc©IW«tf5#» 

12,, 12 2 , 12,, •••12, fc3^*»10 5#4M*£*U MEa*' 
1 3 ^^ittl 5 1 2 a, 1 2 

b, 12c, • • • 1 2 n |C1«5MM»M 1 0 7 #^**l/CV*6«*tt, 

«8^Rl2p 12„ 12 3 , ••.12 n «tTtfc||^a n Jl 2 
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••l. &jfr£©3ftg^*:*tMBL;fc«, *»12,s 1 2 2 , 1 2 3 > -12,^ 

*S**ttl2a, 12b. 12c-12nH«fC^«dWI«110 7 
12b, 12c — 12n^i:WWc5*5o 

ww 1 3 tnammi 5 ioiioa ammms t*mmi 0 5 
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ink *mm&i o 5 1 3 ton, wmmi b ^sifii o 

£JIT, 1 0 9 £V^5) Sr^bTV^So 

0 7 4: f9^fi* 15i: o|«C«m««BIW l 2 a , 12b. 12c, 
-©ff4^rAl ill! ^«M«*«^^-P--^«MB**i-*«l* 
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»«^Wl2a, 12b, 12c, ...12nfc^ffU« 3 
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■ let*, ^mm^m^msmm^m^m^m^mn^y^T^i i e (» 

T, ft^xT&l 1 6 £v>5) Sr^UXV^So 

lOffft^^Al 1 614, EV^|Jl«»*ix*:**©*^^^ A l 16a, 

116b, -Sr^-e^So 

#f^fA118a, 116b, -14, *»12 1 (OW«Bfi», i-ftfc* 
^18^^11 1 2»!l, **b**W s^l 1 8 a, 118 

b, ■•Wl20a, 120b, -a^#£H-cv^*f4, S4^n 

All 6 a, 116b, -fc|8rt6*»12 1 »^«>*Ill2 ii 12,. -12n 

0 1 6 ^b/cv^irA 1 1 6 fcL^-04, ft*^ yfllBafcllBbfc 
*>M*S*tt 1 2 2 tK«&n, ^120aH20bi ©WI«S** 1 2 

Lfc#oT\ #t^A116a, 116b, -tt, *»12 1 t»U<B: 

4 d , g #<z>#ifcggs 8 m <t 9dK s *fc«**T?tt* < > 

^t^TAH6a, 118b,-t*»12 2, 124 

5o 
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yflHa, 118b, -> tb<^s 5/^1 2 0 a, 

I20bii, ^N£#3fc*-f y^-e&S©***?* Lv\, m-fkiyx'rJ* 116 <o*M 
<k&&5±-V%Z>bkh\^ t^7AU6a, 116b, -M-C3te8&Sr£Hft 

fifeot, Micro-Electro-Mechanical-System (^T, MEMSiV^) 31 

0 WLtf. HI 2 1 5 £¥##»Uil-^[H]i& £ b-C^i-S - £ "0 

„ n±mm 1 5 fc-frte • /J«b-T S - £ ^T'# 5. 

13 1 7 te, 2 0 0 <D— ^Jfe^J^^-r^mT'fc^o - COS^®2 0 o 

fri. soliton converter 2 0 2, pulse roller 2 0 4, Kerr-shutter 2 06-?:l 
Tsoliton purifier 2 0 8 &MlZ-mWi&ft>XMj&&inZ>o S^S^^A 1 

t LTte, il«DJ:5luw©S4ii2 0 0(Dm&fc1M®.= l >''*— 9 1 

5 ftix*^ A^T^«fc>fcv\, 
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}*C*t>^, e«K:J:oT*-n2*#tfc*m*2 1 0^ soliton converted 0 2t 
iot^f f t-^i: HliiW^^So -tO*, pulse roller2 0 4 
KXJlZtl* ^r-e^^^^ttfcm^^^^Kerr-shutter2 0 Bfclt 
fc**-CfcS»«fc**aft*. 5 Kerr-shutter 2 0 

6 fcj|v^«**li^^*«^*< ***^ ^ 

#^$n^ffi#^^^^«n P n^^^>^^> soliton Purifier2 0 S^ioTV 
b2 0 2, 2 0 4, 2 0 6, 2 0 8 ©ArtWISMKUfcCTAfifca ^ h 3 

o 2 ^^3 o 4 nzmu2 oort^t 

8t200rtO*^#-^b202, 204, 206, 2 0 8O5^'>* 

4 GKTjk-rX?^ device At, our device t ^XUU^t^ol Hon converte 
rt, device Bbfrbt*ZmtemmZ*Xi>£\<\ mUDZtoW&KX. ourd 
W ictJaU*^#-^b2 0 2, 2 0 4, 2 0 6, 2 0 8^ISM 
RU >©# 3 y^h2 0 2, 2 0 4, 2 0 6, 2 0 8 device 
A, device B«rBB©i***bfcf -fcv\, 

S^f2 0 0OWt soliton converter 2 0 2"Cfc5o **5, soliton con 
verter2 0 2©H*S*tt. Dany et .1. , Opt. Lett., 25, p. 793, 2000*, Ma 
tsumoto etal., IEEE Photon. Technol. Lett., 14, p. 319, 2002KfB*fe£*VC 

018(1 soliton converter 2 0 2 OHW«1?*)8. soliton converter 2 0 
2fc£, R»^|t7r'f^ (anomalous-dispersion fiber :ADF) 2 1 2 % 
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7 (band-pass filter: BPF) 2 14i«*4W. XfcSnfcft** 

% *y§y^«i*W**u *M**Wt?*>*. ADF 2 1 2 ~ 

DF 2 1 2©tt«fc*Ji«l2 1 6 fc^i-Cll^i-Sitttkffl****^ 6*© 
3&*5 % 018 ^bfcsoliton converter 2 0 2©«tlt W b^fiJfcfc** 

vzvv h^^^^Mm^mm^mmt^^m^*>^> (Kubota et 

al., J. Opt. Soc. Am. B, 16, p. 2223, 1999) „ ^lilt^t^!) 

itbSr^EE-rS*^^ soliton converter 2 0 2(CM^ ADF 2 1 2©7 
T-f^««r«<"f*-^* S »* bV '- AD F 2 1 2©7T^^*<W^ 

lot, adf 2 1 2<DMRiknmrMmzWomi?mm<D&mu^ 

%)X*hZo fc**. ADF 2 1 2®77^^»i^^ tt ^^ 

, 0MteWft*»*lcM*^r>f^* (*»») gA_ho 7 r>f^ Wsoiiton. 

converter2 0 2fciWi:fcS. (Deny et al. , Opt. Lett., 25 

, p. 793, 2000) -Cttsoliton converter*!^ !> h^^^r^f^ 

2 



z o = 



%T 0 



2 |P, 
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ton oonvert«r©^««fC*»S. COsoliton converter2 0 20tt*077>f^ 
*fc7T-f<*: ■> *mteZ3mm<Dft7 7'(' < ^'rZ>sonton converter 

35»b©a*^^©*«*»** (0SNR) fc^^*^**®**^**"* 1 

w 

• TtfWiton convert«r^V^NOJ«*fc#VX)SNR*S^i-*. U*»Ufc#fc. 
ADF2 12©77^m yy hyHao2HWttP77-f^t?tt*0 
£^/hSV^fcjW5*3*tW*. rOsoliton converter 

Wfofc'? T 4 z ^ 2 ^T<^soliton converter^^t^^*!^^^"^ 
fc5^^$Hfco fc*>\ z = 2^N^OSNR, t>U<ttNfcA«/A 
^.©BBtfHU @20A, H2 0B©*J^H&»*#*&fr**** 

soliton converter 2 0 2BR4IHI 2 0 0O«J»l*i*^ 
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Z.<Dtcfr, soliton converted 0 2}*, A*^^^***"*^^^ 

(V!) single-mode fiber (SMF) Sr 

gf$-fr5ri:iaoTf^-^#in^^^* soliton converter2 0 

i21^5i5^ A***-:/*******: (SMF*trJ»JW***: 
) P 1B wfcfc J: 0. A*©*"*-** (SMF©**) fc* 

S > A^ ^ * - ^##ttBP, „ Wlfc * T*MH- * - b 365 ^ * V ' 5 r fc * 

H2 2©feS5fi, A^'^^^&^U B2 2©tJfe»li, P in SH££fTo7t 
^(Dsoliton converter*>feOffiA^^«***^^ BB 2 2 0*»ttW*7 

^^a»b©ffl*/<^lfc»«r*u-cv^«. B 2 2 J: 5 fc* Wfe*** 

3^/V*?IJ£soliton converter^A^Utt, P iB MISERS- * K± * , 
(Dmm^m^-^tVXti. soliton converter©lttrK^^^&raU 3fc 

**»«©«^soliton converter^^ltStU^yy b^©eB«HMAt AC fc* 
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fcs (®i9) o «»a^oiwrK:^^ffi»^B«*^**^* s - — 

•Ctt, ttJR»»tt:«r3*©soliton converter^«-e*<Mamyshev 

ts^y?Ti^ p7 ^ /, '** o;77 ' f ^ (SDPF) ^W^^ 77 ^ 

;^ft57T^^ (CDPF) hmmZnX^Zo WC, 2»77^^©M 

■ciMteWMttt^ r >f *t*/ow*«2ifc, **u**ufc#«-*. 
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(03R) KW»v— if»-*3^-C, ^TfSSi!RJR»tt«r*i-a^ 

S&FnPj£lM(SESAM ; semiconductor saturable absorber mirror) (S. Tsuda, W. 
H. Knox, E. A. de Souza, W. Y. Jan, and J. E. Cunningham, "Low-loss in 
tracavity AlAsAlGaAs saturable Bragg reflector for femtosecond mode lock 
ing in solid-state lasers," Opt. Lett.. Vol. 20, No. 12, pp. 1406-1408, 
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June 15, 1995.) ^~~:/(CNT ; Carbon Nanotube) (S. Y. Set 

, H. Yaguchi, Y. Tanaka, M. Jablonski, Y. Sakakibara, A. Rozhin, M. Toku 
moto, H. Kataura, Y. Achiba, K. Kikuchi, "Mode-locked fiber lasers base 
d on a saturable absorber incorporating carbon nanotubes," Postdeadline 

papers, 0FC2003, PD 44. , 2003) £ffiV^^aS^£*VCV^o L^Ufttf* 



«H**«teKMi: ^ £ v > £ v > o mm CT v 
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So 

pr^^i-s w t &*smx'&> s. m 4 8 K*<D* sr^i-. ^ r '< 3 0 6 wtt 
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©i5fc^lBtt#*T?»#i-53te7r>f^3 0 6, 3 o am©**fciw*r*fc 

BBS^-frS - X\ »!$&WM¥f®i& ■5&£<o? s 'U *#*3TC# S.UHb^lB* 
. BrffijftjiftiRfrS 1 0SriiiB-rS3tel&«S:Rr^^i"*^*^*> s - ***** 

/l,;*«fc**^¥-**;h^*U «<*#<«:435 s tt8. £*tf±, HI4 8 
^JiC-TS^, ^t&f0!«#3 1 0&g**U:*'fc3 1 2)6^^X3 1 6W-fa 
^o^itSit^t5.^\ +4>3 1 2i^yX3 1 
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B#F^S^*^*>^> Kerr - shutter2 0 6®**W*H2 4Kmi- 0 
m\t.O PLL (optical phase-locked loop) 2 2 0 t 2 2 2 * 

bft*. OPLL220I4, «tt#IJt«»2 2 4h *LO*4»2 26^ ffi 
2 2 8 £a>b«j££*t5o 



OPLL2 20 -Cfc*aJt«E« 2 2 4 laot^bA^J^Sltt^ £ * 

LO«**(»T* *LOfcPW?)«XfirtB*«r«IWU «*«2 2 8Tftt*©(HB 
jSKi»<5#3teLO©*3Sbjai*«k*»l«i-6. ^WMt#3tei:ra 

mm*** yfym-ti^^t, pjmis4s*ifcflrwi»^6. sat 

_k*LfcJ:$fc* *3tt»«OOPLL2 2 0tt, *mBJttt» 2 2 4 k . ftLO 
^fe^2 2 6i:, ffl*«i!2 2 8 fc*>fe*J***LS. 3te(fettJ*«N»2 2 4 tt, 

**«*fcUfet>©Tf**. FWMW2 3 0B, #«Wt»7r^^t<tt» 
|U^$ttTV>3fcV>^PPLN(Periodically-poled L1N03), S O A (semi-conduc 
tive optical amplifier)^©FWMWt?nS^^^b«^^ttSo 

OPLL2 20 t> t^LO £rFWM|$ 2 3 0 K A^"T 6 - 

bK£<0. ^NHKIFWM*^*^*. i©FWM*tt, ^7^2 3 21^ 
t)itH^7tb^^K (photo-diode :PD) *»bft6S3fc«2 3 4fcg*4 
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&mi2 3 4Rmmn2 2sm i©m*«*flr***t*iJifli#^ x^xmm 

2 3 0fc48V^-C«4Wtt**»Kiaif (FWMtWA<»4*«) 

, j&RWfiXT (B 2 4 iC^i" J: 0 Kl) , fflFA^Wfl^M* 

2 3 6X^7^;^ flU^rf) £FWMg&2 3 0 ©«f«fcB***-Ct *V> 

. fc*. Wi««**a#i-*fc*fctt^ FWM^PPLN, SOA^FW 

$ b fc, ^Mft»«* «LO OffcHi H# *WW 5 * F WM$P trPPLN^ 
*M»****K:**.* (SHG ; Second-Harmonic Genera 

tion) ©ME*flS*JWfflU-C*AV\ X*flr**©«*fc«***** : '*' 

% ^-0J-efeS2^ifli:V-f (laser diode: LD) d^b«l^*nSt><0 
^ ta% tf-h#3§3=#§2 3 8©^< fct>— ^©■Ott«!ERt«ftflE«riBW'*^ 

^2 2 2KA2rr*liu^ *77^ff§»2 sgiao-c^wyy 
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* p y ^ttmmasvNTJfttmKtt^tt, mas*/** » y ^/w^jo*^ 5 ^ 

(WBJtt*»2 2 4*SFWM«r**fcU*:# 

fcftSIi^irftS. |fcttJtlMl2 2 4©FWM»2 3 0O*7r^it 
7 7 ^^ (highly-nonlinear fiber: HNLF) Sr#flH-* £ ^^"ft 

r«tt, *OJ:5fc»afiS*tS. t«r± (=L A Vv) Cs], Tk» (=LaVv) Cs]t? 
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£ftL0<at*s> hw-h«E©JilRttl*IHi6K:#UX, Ao><|8B+SL|x|t 
n- rr-C8B [Hz] tt«*O^H^-I*©ti» 5L [ 

Hz] LOtti*3te©«jft«3t6#B^ fc«B3££*bS- iot, i*W3S I t 

=o|ft, LD^TWttlUKTf**. *LO»fe»2 2 6Tftt, 2#©LD*rlt 
*M2 5K*t. H2 5Att, LD^70lUaBII»0^^5^^«t 

i24©i5^, -jRfc:OPLL3lS2 2 0 ^ft*^ yf»2 2 2tfS#8tb-C^ 
*LO»fe»2 2 6rt©*>^^ffilt»2 3 914, * £L(m) &*£o 0 U 
feflr*3te* s *tO^«E*2 4 1 (ia24^A^bfdf-^^ s OPLLa:^^5' 
?lMca*&*LS5M«) -e^MEStbfc*. HHB»BH»2 4 8«:ajlU"C*^>f 
y^«R2 2 2^J^i-S^K«TTl^U OPLLHS2 20t^i^ofct, 
^ y f«2 2 2lClH^f^i'J3ii'^^^ T 2i:-ra^, t 1 r 2tt» 
PWB»6Tiag- | « 2-t 1 I =n-L/ctt^5 a ft*3, ntt^r-f* 

©«tf*,cHMi*e*>6. (t-ri) ^o^ttw 

«K13tLO»fe»2 2 6d^W^^tL7blf- h « 2 (t-t2) tt. 

HRWKJ***. #*^y^2 2 2 *LO*fe»2 2 
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G^&tkZfliiLRIMte&ttoim&btfts A«f > = 27t (co2 (t-x2) -co 

1 (t-rl) ) •TUg-Att-TlagtW***'*- ^ A * cWWt * 0 ' 
05 (rad) -CfeS^ Ao)<0.05(n-c)/(2 7tL) (Hz)£ft5„ -fllfcbTttU 

L=1000(mK n=l. 5©*S\ MEftflUfc A o> <tt600teT?fc*tf* 4HMMfcM** 
£©J:$|E3^**ffM»2 3 9 0**LKi(t#Ut*LO»4l»2 2 

£ W 5 A—:/* tt* El 6 8 Km bfc^wy^ffi* (optical clock extractio 

^itfc7r^^©ft^^ nB77^f«^ X=lrftf©ttt5t, 
L Loop tt, Aco (L Loop ) <v.X/n.L„OBB»#*0SCOJ:5l!Hfc36**l, 
5^^*S0*UV\ o**K *»^-t»ri. FWM»2 3 0fcUt**i»77'f 

JfeMyf»2 2 2tt, FWM^2 4 2h #37^ 2 4 4 &ffi*imE*P 2 4 
6*»b«**^« (02 4^1) o Wtl52 4 6^m WKS2 2 

A^rT5o FWM^2 4 2^bC0W^T^^W^^^fdf-^^ s FWM3ta: L 

r^-TSo *-0>3teSfcrift7-rA'* 2 4 4^£oTA;^/&&£#$t£*i'W;ft& 
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DL ; delay line) *bfeS4ttBfHHK 2 4 6 It *oTlHfl#«**t5. 
[t3] 

2 

[0 0 0 0] 

, (a) J: Cb) ***** CO =*t-^*^ 



Av> 
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. tot, Sf^FWMtlt (b) M5»fc*6»^*#:«Wi:*S. ^ 

nWmw&^t&T 4 < s - Watanabe et Bl " EC0C97 ' PD 

7, 1998.) #*»t?fcsa** fW©H«#IWre*>*- £^<W«I!*<W* 
iLttt7T^/Wfl5##«^*>* (0 - Asoetal., EL, vol. 36, p. 709, 2 
000.) o *iMr*Ufc©#H5 2T?*>*. roH5 2^S^fc7T^/<*i:« 



(3) FWM»^^i«^5fcWCtt, A**^^**^^ 
It4] 

[f&5] 
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(4) FWMeittt, ^t>7$l/y/<frXtm&ft^*fc1ti1rZ>ftn%l%:K& 
lt6] 

L 1 L „ 1 

T~ < 2~ 2 

a L7628 3 Af p 3 

p 3<-i — r 

[£ft8] 

1.7628 2 A; s 2 
Pa < 4ti LAv 

£Lh© (1) (4) fc«Ufc*5*K:J:!K #W*^©*v^FWMK^*fc 

i". *<0»3R«rH5 4Kia%i-. H5 4©«jfctt\ 1556nm<m60GH Z> 2psO^/U 
164Qn^CW**3dB#:/?K:J:oT**U 0. 2ta*©ffi^n-^HNL 
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ff ^PCT/JP03/07433 

?\zAt)-rZ>h<D-?hZ> 0 JteajxfcFWMdWW*. 2«©BPF Gf»* 
<**ttl672i^ *Ht*g4.5nm) KioTttWSttS. fc*S* t ^-effiV^cHNLF 
© y bfm^K—T'tt.tt^fVte. 1/W/km^O. 014ps/nm2/km-e&5o rfrbteH! 

m ^13dBm©^HNLFAW^^^^ hA**«rH5 BICST. ffi;fcU:*5V^1572iim 
ftaSfc, 1524nm#^FWM^^^U-C^^^^^^" CV ^» ^FWM 

^bfc 0 FWMMtHi:ffl^fc 2«^B P F iao-C/^P 1 0%® 

mm^tzAK Btfa*UfeV\^ aa«p^«iiSl524nm©BPFSr«ffii-*t^ « 

S^^yT«IJE$ttfj:^/V^, V^SCS-RZ^ (Carrier Suppressed 
Return-to-Zero) jWlV>&jfrT^6AKlttBi-S. M\ FWMlCJ:ot»4t 

"OHMBLfcR. SjSftii^4tSFWM« (*»-Cttl 5 24nm# 
5S©J*#) ^;^FI«i C s-R Z/^?iJtfc5o -3fX 

(*ilMl 5 7 2nm#)fi«) Ht, ItM^l^WtfflMfflBM*© 
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^ ^PCT/JP03/07433 



W36*©*S*i:U-Cs FWM^^W h/HiMi-^i'So 

#C{C|H2 6 A^e>IH2 6CS:#IU *g*S2 3 4 (HI 2 4 #180 KiasttStfc 

©— «^J-Cfe^o 3fe^§P2 3 4(*. Photo diode (PD) loop filter £ 
„ LD3V ho— /V*Bfcj&»G>fc3, fc*3. LDnyhn-A LD<Z>|gUj« 

HI 2 6 AOftgftgP 2 3 4-C«, *fc*BJ*;«SE»2 2 4 -?tf>fcH;£ft£ P DT^fc ^ 
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@2 6B(t @2 6A«^fc!), 2^©PDi> JQ*#** loop filte 

rfc, LD=»yM3-7^^i^^s. H2 6Bm i«i«siW»wm* 

fcloop filterfcA*i-5o ^Wo-C, |fW^aLO«XV|: 

m26Cfi, HI2 6A©I^5WJtfc9> PDi:, *JH*^ loop filte 

loop filter^ J: otifWtS. £ «bfc#l***^^*LD*ra 
^Ma-TH"*. B2 8CO*a*»OHWm J: 0 jftWM^JfcWSW 

@6 0Alt tt?»J*|BE»2 2 4©W«-C«)9, PWM»tft7r^^«V^ 

K:tt#aaE«r*w-r*fe»o**«^«>*. pwMm^sooatit S 

OA^PPLN*if*S5WfflTf#*. FWM*»4«f5 0 0^*?9^ 

SHG«ft*fi UT, PPLN^«m^^t>^t 6£*#WT?- 

feSo B6 0Blcj5***t«J:5lcPD«rSiPD(vy3^*b^* 

±at<D*B*Mltt^f t A©tt#BJt«»2 2 4 f**2 22 ^ F 

*BJt«»i:*^>f y^##»©FWM»2 5 0 ^LO»£»2 5 2 

. *»K*tttWraoH2 4fcW«"e«>5. A*mfc*LOtFWM»2 5 0 
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roller £ soli ton purif ier^JEV^So ^X\^fhh(DUm^Wm^^^> a 



pulse roller 2 0 4 <Z)— 2 8 (C^i~ 0 fg#^^/W^Srpulse roller 7 
7 4'* 2 6 0|!lA^i"5fllJ*'T?*>5. ^pulse rollers 7"f'* 2 6 0t£*3»t£ 

^r-e, ^/^^j^fbfcov^T^ ni4 i a~dslOT4 2&0mvxmw~tz>o 

rco^, ES5>m^m^^^m(Kerr^m)OtB51f^ffl^^^-cfcS 0 o 
El 4 l b <£> X 5 t£mz.W&1rZ>o 

T 2 T'te (T x £ te&M<Dtifm) s ^!)^fWi^otV^fc^ ^/W*3fc 

«MfPT?w:^fei»e^(|T|^#v^a^)*o< 9, *#»-ett**«£<|T|as* 
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»Wt?r4*»««Mba**«-**"*^ pulse roller7T^^2 6 0 L 
■CjE^^ftHI^^T^^ (normal-dispersion-increasing fiber:NDIF) «: 
JBWCV<»6. t©ND I FO^B7r-f^tB2 9 Afc»t. H2 9A*»fe 

BB2 9AK*tJ:5^ nd I F©wm-Clilfi»Wt«rttS*fc, 

NDIFOttim 

iOtt*. Pulse roller7r^^2 6 0 (*7r^ : ND I F) 

Ld=To 2 / | ^ 2 i-e^^tts. Tofc0 a B^'<^*i*IWtt*^***"*"- 
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B4 1 B©J; 5t^©4^9«H< , mmMtei>t<D®4 1 
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KsW* Jifc&fr bTfcfloMkfcft S - £ 

»-e # « . BB4lB3ft»bBB41C©Wi fc«H- S ifc * * *r m A * * S £ 

04 1 d© £ 5 wra»*iOTba:>0^^^9 atr^t 

^Cpulse roller 2 0 4©«Wafc«fc-3V^»W"T S. B 2 9 B*5 *t*H2 9 C 

tt, H2 9A©te^J6-W-C*)So NDIF (@2 9A#I) <E>ft#£ tt, 

-fit • *W0WHfc*JlfcS 2«B»±©*7r-f ^«r»**fc4MR^*-^ ^ ^ 

pulse roller 2 0 4^^)50 

HI 2 9 B&itfH^ 9 C©7T^^ V^n^«r^i"5 Pulse roller2 0 4 

^HI2 9AOpulse roller7T>T^2 6 OSrf * 

i"*. 0*0, Wftl^pulse rollar2 0 4t>. A*««0«B^^tt*W^** 

HI29B, EI29C Id^-fpulse roller 2 0 4}*, pulse roller 7 7^^260 
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pulse rollers T-<^ 2 6 0 ifi 2®<D^7r^^^^ ; B^$tb-5pulse ro 
ller 2 0 4 &fflV>fc^/V*$£7&ffctf>— MHflJftfffcBI 3 0 A^-T 0 1 6 0GHz 
j$^gL<Z>2ps^/l'*?lJ£:pulse roller7T-^^2 6 0 ^A^i"S^-efc^o - 
©pulse rollers 7 -T^ 2 6 0 ©^ffcy n 7 y^/U^m 3 0 B fc^f. 03 OB 

-fpulse roller 7 7 -f'^ HNLFtNDFtd^*^^ HNLF©^$ 
tf$2 0 0m N #t!c» s D = -0. 7ps/nm/km"Cfc D n NDF©g^S8 0m, D 
— —7. 5ps/nm/km'T?fe2)o 

irtll ^j»^m^BaW^J5fcS3te7T^^fc**j»^7r'f^ (highly-n 
onlinear fiber: HNLF) SrfflWCV^o HNLFtt, 6111^77^^ 

H2 9A—EI2 9C©J:5W I F&JBv^fc— t"Ct, ii^©7 

&fC. E13 0B<£>pulse roller7T'l'^^*5f"tS2ps^/V^^#^5:^^"-^'3 
5iB*BM«^«Wft-e***bXV>*. P 0 teA^t°-^!7--C-foSo P 0 =23.5d 

flfcH<£> mf&&* * v > & <D <D y '<>vt. ^*XM&-£ teM^tf* & < — Srt* 

tt-Cl^o ^»-(ft)i'5a^a :/£|!^fcP 0 =23.5dBmK::fc3V^^ 
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.B&bfcpulse roller2 0 4 ******* (HI 2 4 £r#HP>) 0«*K»W* 

o 

BB3 ±3£U*:pulse roller2 0 4lt *** j/**2 2 2©W«fcE« 

^^Ufll^fefcSV^ri^oy^/^^Srpulse roller 2 0 4 Rl XoX&Mit 

****** 2 2 2©*MW4, B24fc*bfcJ:5ftFWM«HIWi:»«**vf, 

N OLMl, SOA(semi-conductive optical amplifier)^ b-Cb&V\ 

H3 9) Ufcii^-C'fcSo je^^*»¥^#-^^ HK1 * aMsi '* 0 

£ i-Tftt«r3*«>Pulso roller 204£OPLL220 » y *ttW» 

©**«*iaWS. ^©«f&&® 3 3^i"o pulse roller 2 04t@24rt 

flTH^^ttpulse roller2 0 4 KlJ:oT*6^**Ufc*fc. *©Wft^ 
pulse roller©tH^^^#14SrfUffii-S^-efoSo 

fcS. *** yWoW^o^^^^ 100 ^ 11 ** 
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(D^/^^^mPS^^ (03 4 A, H3 4B©«f»ffe*|S) i»&*ftt6FWM 



5ft§:}felH5£IIi3 5 A> 3 5 B ^"To 
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*2 6 4 (BB3 5A-CW:3oiB» b*7 4 6 6 

i£\,^K AWG (arrayed waveguide) SrfflV^ £ fc"STt&"T?*>5o 
i©*S*»t?», *-fFWM*«r4Mft#2 6 2T?3^ftU 

-^|ClK5**LO©»«l««rWtti-*. **** H3 5Bf*Ba3 
5B©3teS*W^ HI 3 5 AfclS«<08b*S:^r"f:3o 

J©Wfc/<^*«VN*:0PUJM^O*« k fC, HI 6 1 |c*i-J: 5 fcX/i^SWBSr 
H 3 2"?3£'<fc<fc 5 fc* Pulse roller 2 0 4 £ optical switch 2 2 2©«ftW 

Hi i 7 fcafc^fc J; 5 ftS^SHe 200t U©*T?tt4 < > WuWm V 
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2Tftt. /<^*K6 0 4 £^W*«6 0 6 13 
«*6 0 2*3Wfflbfc#,"i*t|!:lWfe4*tftv\ 

ftm&mkZftZo /^«6 0 6 6 0 8 

6 1 o oaMtiiWIilttfttt**^^^ ^tt*6 l 4T?**S*bfc«* 
mmme i 2tt*BEHfc*6 1 o<z>atr«teE«i/rt><i:vNU *i*^«M#6 o 

*^^0*t#l»5feSg1t-e*>Ssoliton purifier 2 0 8 SrH 3 6 AKl^i" 
*-*\ solitonpurifier2 0 8©«I^1S!^^5o BPF2 7 0(dJ;o 

xmwimMnwmn*****^ *v^yy hy77^2 7 2^^ 
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yea»wt'/7 ha***v\ w^bpf2 rootwuioK 

soliton purifier2 0 Sl^^^fl^^ AT^Ift^W* 2 7 0 

7bfcUT^PbtbXV>Sm^"C*>^ (Mitschke et al. , Opt. Lett., vol.11, P 
.659(1986). 33 £ tKJordon, Opt. Lett., vol.11, p. 662 (1986).) „ »*V7 b 



-oBOfStt, yy h^r^^fc U-CHNLF«rlSfflUfcA"Ca>5 (IU36B) 

%<Dmnx*-7&yv h^i#as*cfcdfcKiJ:o 

^7h (soliton self-frequency shift: SSFS) "CfcSa HS!«j4s H 
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-oBOfttlt, ^^fciot^-r^WltSAtfcS (H3 6C) . 
ia>*j*<Dsoliton purifier**, A 6i«WWE*:3iCT S S F S 

**R|C**ft*L6. ssFSKiJ:o-r^hft*fcv^«E*©«Avki8 
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